Accumulating research indicates oxytocin plays a significant role in regulating the behavioral and neurobiological responses to stress. Evidence from preclinical models suggests the effect of oxytocin on stress-responsivity appears to be dependent on individual characteristics, including sex. Although the interaction between oxytocinergic and stress systems has been widely studied in rodents, recent efforts have been made to examine the interface between these two systems in humans. This brief review examines how administration of oxytocin can influence the neuroendocrine, behavioral, and neural responses to stress, explores how sex may impact these effects, and provides considerations for future work.
Introduction
Over the last 20 years, oxytocin research has largely focused on the neuropeptide's role in social behaviors; however, a history of work dating back to the 1950s has investigated the interaction between oxytocin and stress systems [1] . Oxytocin is released peripherally and centrally in response to a variety of psychogenic and physical stressors and is an influential modulator of the neuroendocrine stress response. Consequently, there has been a concerted research effort to explore oxytocin and its relationship to psychiatric conditions characterized by stress-system dysregulation such as addiction. Accumulating evidence indicates oxytocinergic regulation of the stress response is shaped as a function of individual characteristics and context [2] . In particular, the effects of oxytocin appear to be sexually dimorphic. The aim of this brief review is to highlight some of the current work being done to understand how oxytocin can affect the neurobiological and behavioral responses to stress and how sex differences may impact these processes.
Oxytocin-induced changes in stressreactivity: rodents
Hypothalamic and neuroendocrine effects
The stress response consists of a series of neural events that stimulate the hypothalamic-pituitary-adrenal (HPA) axis. Activation of the HPA axis stimulates a neuroendocrine cascade beginning with the release of corticotropinreleasing factor (CRF) from the paraventricular nucleus (PVN) of the hypothalamus. CRF promotes secretion of adrenocorticotropin (ACTH) from the anterior pituitary which in turn stimulates the production and release of glucocorticoids from the adrenal glands (Figure 1 ). Accompanying this 'classic' neuroendocrine response to stress is the secretion of oxytocin from the posterior pituitary terminals [3] . Synthesized within magnocellular neurons located within the PVN, supraoptic nucleus (SON), and accessory magnocellular nuclei (AN) of the hypothalamus, oxytocin is released into circulation from neurohypophysial terminals in response to a diverse set stressors (e.g., [4, 5] ). The mechanisms underlying oxytocin's regulatory influence on HPA reactivity are still being uncovered, however, endogenous and exogenous elevations in oxytocin are associated with reductions in CRF, ACTH, and cortisol.
Oxytocin administration can inhibit ACTH and subsequent glucocorticoid secretion in response to stress [6, 7] . Several lines of evidence suggest downstream reductions in HPA axis reactivity may result from oxytocinergic suppression of CRF neuron activity (Figure 1) . Interactions between oxytocin and CRF systems are well-documented. For example, some PVN neurons co-express CRF and OT [8, 9] . Further, within the PVN small subpopulations of CRF neurons express oxytocin receptor mRNA and, reciprocally, clusters of oxytocin neurons contain CRF2 receptors [8] . Central administration of oxytocin reduces hypothalamic CRF neuron excitability [10] , inhibits spontaneous excitatory transmission onto CRF neurons [10] , reduces CRF mRNA expression [4, 11 ] , attenuates stress-induced c-fos expression, a marker of neuronal activity, in CRF neurons and concomitantly reduces neuroendocrine responses to restraint stress [7] .
During times of stress, glucocorticoids can also modulate oxytocin neurotransmission. For example, recent work by Torner and colleagues demonstrated adrenalectomized rats display heightened stress-induced plasma oxytocin secretion but blunted intra-PVN release of oxytocin following forced swimming [12] . Intravenous infusion of corticosterone prior to forced swimming rescued the stress-induced intra-PVN increase of oxytocin and slightly enhanced peripheral plasma concentrations of 
